INTRODUCTION
Alzheimer's disease (AD) is a late-onset, progressive neurodegenerative disorder characterized by the loss of memory and an impairment of multiple cognitive functions. The major pathological features in the brains of AD patients are the presence of extra-cellular amyloid beta (Ab) plaques and intracellular neurofibrillary tangles (1 -5) . Recent biochemical, molecular and gene expression studies of AD postmortem brains and AD transgenic mouse models revealed that multiple pathways are involved in AD pathogenesis. These pathways include synaptic failure (6) (7) (8) , mitochondrial oxidative damage (5,9 -13) and inflammatory responses (3,14 -20) . Among these cellular changes, inflammatory responses are reported to be critically involved in AD pathogenesis (3) .
Inflammation is caused by the proliferation of reactive astrocytes and microglia that have been observed in the brains of AD patients (14, 21) and AD transgenic mice (15, 16, 22, 23) . Several recent studies found increased cytokines, including the GM-CSF, in the cerebrospinal fluid of AD patients (24, 25) . Furthermore, AD transgenic mice lines that overexpress amyloid precursor protein (APP) and Ab exhibit significant cerebrovascular inflammation and microgliosis around areas of Ab plaque deposition (26 -28) . In addition, the chronic administration of ibuprofen and other non-steroidal anti-inflammatory drugs have been reported to reduce Ab plaque pathology and Ab levels in the brains of AD mice (29, 30) .
Microglia cells are associated with most Ab plaques (31 -33) . Microglial activation involves proliferation of microglia cells, their homing to the site of injury and functional changes, including the release of cytotoxic and inflammatory mediators. Activated microglia may participate in the brain tissue damage in patients with AD. In an early stage of AD, microglia cells may perform synaptic stripping, leading to extensive synaptic damage in AD brains. Activation of glial cells is accompanied by an upregulation of APP expression, leading to Ab accumulation in the chronic stage of the disease (14) . Microglia can also act as a cytotoxic effector in cells by releasing proteases, reactive oxygen intermediates and nitric oxide (34) and by mediating neuronal injury (35) . In addition, microglia can participate in an inflammatory response by acting as antigen-presenting cells to activate Tlymphocytes (36) and by producing pro-inflammatory cytokines, such as GM-CSF.
Among several cytokines found in the brains and cerebrospinal fluid of AD patients, GM-CSF is a pro-inflammatory cytokine, involved in the regulation of proliferation, differentiation and functional activities of granulocyte -macrophage populations (37) . GM-CSF infusion in the brain depicts a dramatic proliferation of a large number of microglial cells (38, 39) . Indeed, GM-CSF is one of the strongest microglial mitogens (34, 40, 41) . In addition, withdrawal of GM-CSF significantly enhances the death rate of microglial cells, as determined by a DNA fragmentation assay. Thus, increased levels of GM-CSF found in the cerebral spinal fluid of AD patients may play a crucial role in inducing microgliosis that typically occurs in the brains of patients with severe AD (24) .
Recently, several studies focused on decreasing the Ab load in AD transgenic mice by using active and passive immunizations (42 -45) . Several other studies treated AD transgenic mice using a combination of antibodies of Ab and cytokines (GM-CSF and IL4) (39, 46, 47) . Kim et al. (46) focused on intranasal immunization of adenovirus vectors encoding GM-CSF and Ab in Tg2576 mice (an AD mouse model) and found decreased Ab loads in the brains of the vaccinated Tg2576 mice compared with those in the control Tg2576 mice. DaSilva et al. (39) investigated the same combinational immunization approach (Ab/GM-CSF/IL4) in APP mice that Kim et al. (46) used and found Ab/GM-CSF/IL4 antibodies decreased 43% in the Ab plaque load of AD transgenic mice, suggesting that the combinational approach may be effective in Ab immunotherapy. Frazer et al. (47) used an amplicon (HSV-IE-Ab(CMV)IL4) to co-deliver Ab1-42 and interleukin-4 in a triple AD transgenic mice and found increased Ab-specific antibodies, improved learning and improved functioning of memory and decreased AD pathology in the HSV(IE)Ab(CMV)IL4-vaccinated mice compared with the other experimental groups. However, it is unclear whether anti-GM-CSF antibodies alone can suppress glial activity and can decrease Ab pathology in AD transgenic mice.
We propose that anti-GM-CSF antibody suppresses microglial activity and decreases microglial-associated Ab production and deposits in the brains of AD mice. To test these hypotheses, we investigated the microglial activity, Ab production and Ab deposits in a well-characterized APP transgenic mice (Tg2576 mice) after treating them with the anti-GM-CSF anti-mouse antibody. We injected this antibody into the brains of 10-month-old Tg2576 mice and a PBS vehicle into the brains of 10-month-old Tg2576 mice as a negative control, using ICV injections. We measured (i) mRNA expression of markers of microglia, astrocytes and neurons using SYBR-Green chemistry-based quantitative realtime RT -PCR, (ii) immunoblotting analysis of microglial markers, (iii) soluble and insoluble Ab levels using sandwich ELISA, (iv) immunohistochemistry and immunofluorescence analyses of several markers of microglia, astrocytes and neurons, (v) Ab deposits in the brains of Tg2576 mice injected with anti-GM-CSF antibody and/or the PBS vehicle, and (vi) examined the connection between intraneuronal Ab/Ab deposits and microglial activation.
RESULTS
mRNA expression of markers of microglia, astrocytes in 10-month-old male Tg2576 mice and non-transgenic mice
The objective of our study was to investigate the markers of microglia and astrocytes and their association with Ab production and Ab deposits in AD transgenic mice. We investigated the extent of mRNA in the cerebral cortex for markers of microglia, astrocytes and neurons (using quantitative real-time RT-PCR) and soluble and insoluble Ab production (using sandwich ELISA) and Ab deposits using immunohistochemistry and immunofluorescence analyses in 10-month-old male Tg2576 mice and age-matched, non-transgenic littermates.
As shown in Table 1 , we found a 4.70-fold increase in mRNA levels for IL6, followed by a 4.02-fold increase for CD11c, a 2.24-fold increase for IL1b, a 1.39-fold increase for CD40 and a 1.2-fold increase for CD11b in the cerebral cortex tissues of 10-month-old male Tg2576 mice compared with the non-transgenic control mice, suggesting that inflammatory responses are evident in overexpressed human mutant APP transgenic mice. We found a 1.30-fold increased mRNA expression for GFAP and a 1.14-fold increase for NeuN in the cerebral cortex tissues of 10-month-old Tg2576 mice compared with the non-transgenic control mice. We also found mRNA levels unchanged or slightly decreased for several other cytokine markers, such as CD45, TNFa, gp91 and MHCII in Tg2576 mice compared with the non-transgenic littermates.
mRNA expression of markers of microglia, astrocytes and neurons in PBS-injected Tg2576 mice and anti-GM-CSF antibody-injected Tg2576 mice
We sought to determine whether anti-GM-CSF antibody can suppress the activated microglial activity that was observed in overexpressed mutant human APP transgenic mice. Therefore, we investigated mRNA levels of pro-inflammatory cytokines in anti-GM-CSF antibody-injected Tg2576 mice compared with PBS-injected Tg2576 mice.
As shown in Table 1 , interestingly, we found decreased mRNA levels of IL1b, IL6, CD11b, CD11c and CD40 in anti-GM-CSF antibody-injected Tg2576 mice compared with the PBS vehicle-injected Tg2576 mice. mRNA levels were increased for IL1b, IL6, CD11b, CD11c and CD40 in the Tg2576 mice compared with the non-transgenic wild-type mice, and these increased mRNA levels were decreased in anti-GM-CSF antibody-injected Tg2576 mice, suggesting that anti-GM-CSF antibody suppressed the activated microglia in the Tg2576 mice. We also noticed that slightly increased mRNA levels for GFAP (1.64-fold) and MHCII-2 (2.12-fold) in the anti-GM-CSF antibody-injected Tg2576 mice compared with the PBS vehicle-injected Tg2576 mice.
Immunoblotting analysis of proteins of microglial markers in Tg2576 mice injected with GM-CSF antibody and Tg2576 mice injected with PBS vehicle
To determine whether GM-CSF antibody reduces protein levels of microglial markers that are associated with Ab deposits in AD, we performed immunoblotting analysis of markers of microglia, IL1b, IL6, CD40 and CD11b in protein lysates prepared from cerebral cortices of Tg2576 mice injected with GM-CSF antibody and Tg2576 mice injected with PBS vehicle. As shown in Figure 1 , we found decreased protein levels for CD40 (by 48%), followed by IL1b (43%), IL6 (39%) and CD11b (11%) in Tg2576 mice injected with GM-CSF antibody compared with Tg2576 mice injected with PBS vehicle (control), suggesting that GM-CSF antibody reduced proteins of microglia associated with Ab deposits in Tg2576 mice. These findings agreed with the results of realtime RT -PCR and immunohistochemistry analysis.
Immunohistochemistry and immunofluorescence analyses of markers of microglia and GFAP in Tg2576 mice and non-transgenic wild-type mice
To determine whether overexpressed mutant APP and Ab deposits activate microglia and astrocytes, we conducted immunohistochemistry and immunofluorescence analyses of several glial markers, including IL1b, IL6, CD11b, CD11c, TNFa and CD40, in the Tg256 mice and in the non-transgenic, wild-type mice. We found increased immunoreactivity of IL1b ( Twenty micrograms of protein lysate was used from each sample, and immunoblotting analysis was performed using antibodies of IL1b, IL6, CD40 and b-actin. Bottom panel represents the immunoblotting of b-actin for equal loading. (B) Densitometry values for microglial proteins IL1b, IL6 and CD40 in Tg2576 mice injected with GM-CSF antibody and Tg2576 mice injected with PBS. As shown, we found decreased protein levels for CD40 (by 48%), followed by IL1b (43%), IL6 (39%) and CD11b (11%) in Tg2576 mice injected with GM-CSF antibody compared with Tg2576 mice injected with PBS. One-fold mRNA expression means no change between Tg2576 mice and non-transgenic littermates, and between PBS vehicle-injected Tg2576 mice and anti-GM-CSF antibody-injected Tg2576 mice; .1-fold mRNA expression indicates increased abundance to control mice and ,1-fold mRNA expression, decreased abundance to control mice.
Double-labeling analyses of intraneuronal Ab, Ab deposits and microglia, astrocytes and CD40
Our double-labeling immunohistochemistry and immunofluorescence analyses of Ab deposits and activated microglia in Tg2576 mice revealed: (i) Ab deposits are surrounded by microglia, marked by immunoreactivity of IL1b ( Fig. 3A ) and CD11b ( Fig. 3B ), (ii) Ab deposits are present without microglia marked by immunoreactivity of IL6 ( Fig. 4A ) and CD11b ( Fig. 4B ), (iii) Ab deposits are surrounded by astrocytes ( Fig. 5 ), suggesting that microglial and astrocytic activation are dependent on the presence of Ab deposits, and also Ab deposits are present without microglial association. Our double-labeling analysis of intraneuronal Ab and CD40 revealed that intraneuronal Ab is co-localized with the immunoreactivity of CD40 in neurons ( Fig. 6 ), suggesting that co-localization of intraneuronal Ab and CD40 triggers abnormal APP processing and increased pro-inflammatory cytokine production in Tg2576 mice.
Double-labeling analyses of CD40 and NeuN
To determine whether CD40 is expressed in neurons, we performed double-labeling analyses of NeuN and CD40 in the brain sections from Tg2576 mice. Our double-labeling immunohistochemistry and immmunofluorescence analyses revealed that CD40 is expressed in some neurons and co-localized with NeuN ( Fig. 7 ). However, we also found several NeuN-positive neurons did not show CD40 expression, indicating that some neurons selectively expressed for CD40 in the brains of Tg2576 mice. This finding further supports the presence of intraneuronal expression of CD40 and Ab in Tg2576 mice ( Fig. 6 ).
Ab production in anti-GM-CSF antibody-injected Tg2576 mice and PBS-injected Tg2576 mice
To determine whether anti-GM-CSF antibody can reduce Ab production, using sandwich ELISA we measured both soluble and insoluble Ab1-40 and Ab1-42 levels in anti-GM-CSF antibody-injected Tg2576 mice and PBS-injected Tg2576 mice. Interestingly, for the first time, we found decreased levels of soluble Ab1-42 (46%) in Tg2576 mice injected with anti-GM-CSF antibody compared with Tg2576 mice injected with PBS (control). However, these decreased levels of Ab1-42 in GM-CSF-injected Tg2576 mice are not statistically significant (P , 0.28) ( Table 2) , and this insignificant difference may be due to a small number of animals studied in each group. In addition, we also found increased levels of soluble Ab1-40 (23%) and insoluble Ab1-40 (27%) in anti-GM-CSF antibodyinjected Tg2576 mice compared with the PBS-injected Tg2576 mice. However, these increased levels of soluble Ab1-40 (P , 0.44) and insoluble Ab1-40 (P , 0.18) are not statistically significant ( Table 2) .
However, overall, these findings indicate that the anti-GM-CSF antibody interferes with soluble Ab1-42 production and/or clear soluble Ab1-42 more rapidly in AD transgenic mice, which in turn may have implications for the use of the anti-GM-CSF antibody as a therapy for AD patients.
Immunohistochemistry and immunofluorescence analyses of markers of microglia in anti-GM-CSF antibody-injected Tg256 mice and PBS-injected Tg2576 mice
To determine whether anti-GM-CSF antibody can suppress microglial activity (caused by overexpressed mutant APP and Ab deposits), we conducted immunohistochemistry and immunofluorescence analyses of several glial markers, including IL1b, IL6, CD11b, CD11c, TNFa and CD40 in PBS vehicle-injected Tg256 mice and anti-GM-CSF antibody-injected Tg2576 mice.
We found a statistically significant decreased immunoreactive signal intensity for IL6 (P , 0.0016) ( Fig. 8 ), CD11c (P , 0.0001) ( Fig. 9 ) and CD40 (P , 0.0001) in anti-GM-CSF antibody-injected Tg2576 mice compared with PBS vehicleinjected Tg2576 mice, suggesting that GM-CSF antibody suppress microglial activity in Tg2576 mice. We also found decreased but not significant immunoreactivity for IL1b, CD11b, TNFa in anti-GM-CSF antibody-injected Tg2576 mice compared with the PBS vehicle-injected Tg2576 mice .
We found slightly increased immunoreactivity of GFAP ( Fig. 10 ) in anti-GM-CSF antibody-injected Tg2576 mice compared with the PBS vehicle-injected Tg2576 mice. Interestingly, we found slightly increased but not significant immunoreactivity of GFAP in GM-CSF antibody-injected Tg2576 mice compared with PBS vehicle-injected Tg2576 mice ( Fig. 10 ), suggesting GM-CSF antibody has little or no effect on GFAP.
Immunohistochemistry and immunofluorescence analyses of intraneuronal Ab and Ab deposits in anti-GM-CSF antibody-injected Tg256 mice and PBS-injected Tg2576 mice
To determine whether the anti-GM-CSF antibody reduces Ab deposits, we conducted immunohistochemistry and immunofluorescence analyses of Ab deposits in PBS-injected Tg256 mice and anti-GM-CSF antibody-injected Tg2576 mice.
We found a statistically significant decreased Ab deposits (P , 0.01) ( Fig. 11 ) in anti-GM-CSF antibody-injected Tg2576 mice compared with PBS vehicle-injected Tg2576 mice, suggesting that GM-CSF antibody decreases microglialassociated Ab deposits in Tg2576 mice.
DISCUSSION
The purpose of our study was to investigate pro-inflammatory cytokines that are associated with human APP Swedish mutation(s) in AD, and to investigate whether the anti-GM-CSF antibody can suppress microglial activity induced by human APP mutation in Tg2576 mice. Using ICV injections, we injected the anti-GM-CSF antibody or the PBS vehicle into the brains of Tg2576 mice. Using quantitative real-time RT-PCR, 
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we measured mRNA levels of several GM-CSF-associated cytokines in Tg2576 mice, non-transgenic wild-type mice, PBS vehicle-injected mice and anti-GM-CSF antibody-injected Tg2576 mice. We measured soluble and insoluble Ab1-40 and Ab1-42 in PBS vehicle-injected and anti-GM-CSF antibody-injected Tg2576 mice. Using immunoblotting analysis, we studied the protein levels of microglial markers in PBS vehicle-injected and anti-GM-CSF antibody-injected Tg2576 mice. Using immunohistochemistry and immunofluorescence, we assessed intraneuronal Ab and Ab deposits. Using doublelabeling immunofluorescence analysis, we assessed the relationship between Ab deposits and markers of microglia and astrocytes in anti-GM-CSF antibody-injected Tg2576 mice and PBS vehicle-injected Tg2576 mice. Our real-time RT-PCR analysis showed an increased mRNA expression of IL6, CD11c, IL1, CD40 and CD11b in the cerebral cortices of the Tg2576 mice compared with the non-transgenic wild-type mice. Further, the anti-GM-CSF antibody significantly suppressed the human APPswe mutation and deposits of Ab-induced glial activity in the brains of Tg2576 mice. Our immunoblotting and immunohistochemistry findings of microglial markers in Tg2576 mice injected with GM-CSF antibody concur with our real-time RT-PCR findings. In Tg2576 mice, we found Ab deposits are surrounded by microglia and astrocytes, and intraneuronal Ab co-localized with intraneuronal CD40. These results suggest that intraneuronal expression of Ab may activate the expression of CD40 in AD neurons. Interestingly for the first time, we found decreased levels of soluble Ab1-42 and increased levels of Ab1-40 in Tg2576 mice injected with anti-GM-CSF antibody, indicating that anti-GM-CSF antibody clears the levels of soluble Ab1-42 more rapidly and/or decreases the production of soluble Ab1-40.
IL6 and AD
IL6 is a pro-inflammatory cytokine that is secreted by T cells and macrophages to stimulate immune response to trauma or tissue damage leading to inflammation. IL6 is activated in AD brains (48 -50) . In the present study, IL6 mRNA in Tg2576 mice was the most upregulated among all pro-inflammatory cytokines that we examined in this study. This result is supported by several previous studies of AD postmortem brains (48 -50) and AD transgenic mice (15,16,51 -56) . Ravaglia et al. (48) found increased serum IL6 associated with vascular dementia. Together, findings from our study and the studies of AD postmortem brains, AD transgenic mice and serum from AD patients suggest that increased IL6 is involved in AD progression.
Our immunohistochemistry analysis of IL6 in Tg2576 mice injected with the anti-GM-CSF antibody and PBS vehicle-injected Tg2576 mice revealed that overexpressed IL6 is significantly suppressed by anti-GM-CSF antibody in the brain regions, including cortex and hippocampus of Tg2576 mice (P , 0.0016), suggesting that anti-GM-CSF antibody is a potent suppresser of IL6 in Tg2576 mice. Our real-time RT-PCR (Table 1 ) and immunoblotting findings ( Fig. 1 ) also showed decreased mRNA and protein levels of IL6 in Tg2576 mice injected with GM-CSF antibody, which further supports that GM-CSF antibody is a suppressor of IL6 in AD transgenic mice.
CD11b and AD
CD11b is also known as heterodimeric integrin alpha-M beta-2 and is expressed on the surface of many leukocytes involved in the innate immune system, including monocytes, granulocytes, macrophages. CD11b mediates inflammation by regulating leukocyte adhesion and migration. CD11b is reported to be activated in AD brains, and in the present study, we found increased mRNA expression in the cerebral cortex of Tg2576 mice compared with control mice. We also found increased immunoreactivity in the brains of Tg2576 mice, mainly in the vicinity of Ab deposits (Supplementary Material, Fig. S3 ), suggesting that CD11b is activated in response to increased Ab deposits. Our findings are supported by several previous studies in AD brains (57, 58) and AD transgenic mice (54,59 -61) .
Our immunohistochemistry analysis of CD11b in Tg2576 mice injected with anti-GM-CSF antibody showed decreased but not significant CD11b immunoreactivity in the hippocampal and cortical regions, particularly in the vicinity of Ab deposits, indicating that GM-CSF antibody suppresses the microglial activity as shown by CD11b expression in Tg2576 mice. Findings from our real-time RT -PCR (Table 1 ) and immunoblotting ( Fig. 1 ) also showed decreased mRNA and protein levels of CD11b in Tg2576 mice injected with GM-CSF antibody, which further supports that GM-CSF antibody is a suppressor of CD11b in AD transgenic mice.
CD11c and AD
CD11c is a type-I transmembrane protein found in dendritic cells, monocytes, macrophages, neutrophils and beta cells.
Our finding of increased mRNA expression of CD11c in Tg2576 mice relative to control mice has been reported in AD postmortem brains (62, 63) and AD transgenic mouse lines (60, 64) and cell culture studies of microglia activated by aggregated Ab (65) . de Groot et al. (66) developed cultures of microglial cells from rapid autopsies of the subcortical white matter, corpus callosum and frontal, temporal and occipital cortex (range 3 -10 h) of non-demented elderly individuals and AD patients and found that the adherent microglial cells were immunoreactive for CD68, CD45, CD11c and MHCII markers. Upon the stimulation with lipopolysaccharide, microglial cells secreted pro-and anti-inflammatory mediators, IL6, prostaglandin E2 and IL10, suggesting the functional capacity of cultured microglia from AD patients (66) . These findings further support our observations that CD11c is abnormally expressed in the Tg2576 mice. We found that upregulated CD11c is significantly suppressed by the anti-GM-CSF antibody in Tg2576 mice (P , 0.0001). Further, our real-time RT -PCR findings ( Table 1 ) also showed decreased mRNA levels of CD11c in Tg2576 mice injected with GM-CSF antibody, which further supports that GM-CSF antibody is a suppressor of CD11c in AD transgenic mice.
IL1b and AD
IL1b is produced by macrophages, monocytes and dendritic cells, and IL1b forms an important part of the inflammatory response of the body against infection, particularly in disease state such as Alzheimer's. IL1b increases the expression of adhesion factors on endothelial cells to the cells that fight pathogens. In the present study, we found increased mRNA expression of IL1b in Tg2576 mice, and our findings are supported by data from AD patients (67) . Increased levels of IL1b were found to be associated with plaques in AD (68) . Further, Guillemin et al. (68) found that Ab induces IL1b mRNA expression in human fetal astrocytes and macrophages. Combs et al. (69) reported a functional relationship between Ab-dependent activation of microglia and several characteristic markers of neuronal death occurring in AD brains. Findings from AD postmortem studies, together with our present study, suggest that IL1b upregulation may be a characteristic of AD.
Our immunohistochemistry analysis of IL1b in Tg2576 mice injected with GM-CSF antibody showed suppressed overexpression of IL1b in Tg2576 mice, further suggesting that the anti-GM-CSF antibody may have anti-inflammatory therapeutic value in AD. Our real-time RT -PCR (Table 1 ) and immunoblotting findings ( Fig. 1 ) also showed decreased mRNA and protein levels of IL1b in Tg2576 mice injected with GM-CSF antibody, which further supports that GM-CSF antibody is a suppressor of IL1b in AD transgenic mice.
CD40 and AD
The increased CD40 expression that we found in Tg2576 mice compared with the control mice is supported by several studies (70 -72) .
CD40 is a cell-surface marker and a member of the tumor necrosis factor receptor super-family, reported to play a role in the metabolism of Ab in AD pathogenesis (70 -72) . Buchhave et al. (70) investigated the plasma levels of soluble CD40 and the soluble CD40 ligand in 136 subjects with mild cognitive impairment (MCI) and in 30 age-matched controls. Sixty of the 136 MCI cases progressed to AD during a clinical follow-up period of 4-7 years. The baseline levels of soluble CD40 were elevated in the MCI-AD cases compared with age-matched controls, suggesting that CD40 may play a role in the pathogenesis of early AD.
Ait-ghezala et al. (72) measured plasma Ab, soluble CD40 and soluble CD40 ligand levels in 73 AD patients and compared their levels with those of 102 controls. They found increased levels of Ab1-40, insoluble CD40 and the soluble CD40 ligand in the AD patients, suggesting that CD40 and the CD40 ligand are associated with AD progression. Recently, Volmer et al. (71) have shown increased levels of Ab in human embryonic kidney cells overexpressing both mutant APP and CD40. Further, they demonstrated that GM-CSF-neutralizing antibodies mitigate the CD40L-induced production of Ab in human embryonic kidney cells expressing human mutant APP and CD40. They also showed that shRNA silencing of the GM-CSF receptor gene significantly reduced Ab levels below the baseline in non-stimulated HEK/ APPsw/CD40 cells. Analysis of cell-surface proteins revealed that silencing of the GM-CSF receptor also decreased APP endocytosis. Overall, findings from the Volmar et al. (71) study agree with our present study and suggest a role for GM-CSF in Tg2576 mice. 
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Obregon et al. (73) used genetic and pharmacological approaches to determine whether a CD40 -CD40L blockade could enhance the efficacy of an Ab1-42 immunization. They found that the genetic or pharmacological interruption of the CD40 -CD40L interaction enhanced Ab1-42 immunization efficacy and reduced cerebral amyloidosis in the PSAPP and Tg2576 mouse models of AD (73).
Laporte et al. (74) have generated APP and PSAPP mouse models with a disrupted CD40 gene. They compared the pathological features of AD with appropriate controls and found all these features reduced in mouse models deficient in CD40 compared with their controls that were not deficient in CD40, suggesting that CD40 signaling is required to allow the full repertoire of AD-like pathology in Tg2576 mice, and that the inhibition of the CD40 signaling pathway may be a potential therapeutic strategy in AD. In another study, Nichol et al. (75) investigated whether exercise could alter the immune profile in 17-19-month-old Tg2576 mice to a response that reduces Ab pathology. They found decreased levels of ILb and TNFa and increased levels of CD40 and MHCII in exercised animals compared with sedentary mice. These results suggest that CD40 and other cytokines are associated with AD pathogenesis.
Our immunohistochemistry analysis of CD40 in Tg2576 mice injected with anti-GM-CSF antibody showed significantly decreased CD40 immunoreactivity (P , 0.0001) in the hippocampal and cortical regions, indicating that GM-CSF antibody suppresses the microglial activity as shown by CD40 expression in Tg2576 mice. Findings from our real-time RT -PCR (Table 1 ) and immunoblotting ( Fig. 1 ) also showed decreased mRNA and protein levels of CD40 in Tg2576 mice injected with GM-CSF antibody, which further supports that GM-CSF antibody is a suppressor of CD40 in AD transgenic mice. Overall, findings from AD postmortem brains, AD mice and cell-line studies on CD40 and GM-CSF support our present study observations, which suggests that GM-CSF and CD40 play a large role in AD pathogenesis.
Association of intraneuronal Ab and CD40
We found co-localization of CD40 and intraneuronal Ab in Tg2576 mice. We further confirmed intraneuronal expression of CD40 using double-labeling analyses of NeuN and CD40 in brain sections from Tg2576 mice. However, there are no published reports in AD mice and AD patients on the co-localization of CD40 and intraneuronal Ab. In a recent paper, Hou et al. (76) reported that CD40 is expressed in neurons. The intraneuronal expression of CD40 and its connection with intraneuronal Ab in AD are still unclear. However, it is possible that the interaction between intraneuronal Ab and CD40 may promote inflammation via cytokine activation, in addition to increasing Ab deposits associated with cytokines. It is also possible that interaction between intraneuronal Ab and CD40 may promote abnormal APP processing and generate increased production of Ab1-42. We also found decreased co-localization of intraneuronal Ab in Tg2576 mice injected with the anti-GM-CSF antibody, suggesting that GM-CSF antibody may decrease intraneuronal expression of CD40 in Tg2576 mice.
GFAP and GM-CSF in Tg2576 mice
We found increased mRNA abundance of GFAP and increased astrocytes in our immunohistochemistry in Tg2576 mice compared with non-transgenic littermates, and our observations are supported by Lim et al. (29) . However, there is a slight increase of GFAP expression in Tg2576 mice injected with GM-CSF antibody in Tg2576 mice relative to PBS vehicle-injected Tg2576 mice. The precise link between increased levels of GFAP and anti-GM-CSF antibody in Tg2576 mice is unclear. Further research is needed to investigate the connection between increased GFAP and anti-GM-CSF antibody in APP mice.
However, as described earlier, we found suppressed microglial activity and decreased intraneuronal Ab1-42 levels and Ab deposits in anti-GM-CSF antibody-injected Tg2576 mice relative to PBS vehicle-injected Tg2576 mice, suggesting that anti-GM-CSF antibody may have a potential therapeutic value for AD.
GM-CSF treatment and decreased Ab1-42
There are no published reports thus far to compare our present findings of decreased Ab1-42 levels and increased Ab1-40 in AD transgenic mice with the administration of the anti-GM-CSF antibody directly into the mouse brain. However, there have been studies conducted using an adenovirus vaccine of both GM-CSF and Ab (46, 77) . Zou et al. Immunoglobulin isotyping revealed that the induced anti-Ab antibodies were predominantly the IgG2b and IgG1 isotypes. They found decreased Ab loads in the brain of the Tg2576 mice vaccinated with the adenovirus vectors encoding Ab and GM-CSF compared with control Tg2576 mice. These studies, however, did not quantify the levels of Ab1-42 and Ab1-40 in the GM-CSF-treated Tg2576 mice. DaSilva et al. (39) vaccinated APP mice with Ab, GM-CSF and IL4 and found this combinational approach decreased Ab plaque load by 43% in AD transgenic mice. Frazer et al. (47) used an adenoviral cassette (HSV(IE)Ab(CMV)IL4) that co-delivered Ab1-42 with an interleukin-4 in a tripletransgenic mice model. They found increased levels of Ab-specific antibodies, improved learning and improved memory, and decreased AD pathological features in the vaccinated mice compared with the other experimental groups (47) . In another study, using a gene-gun delivery approach, Qu et al. (78) delivered Ab42 into double-transgenic (APPswe/PS1Del-taE9) mice and found that the vaccinated mice developed Th2 antibodies (IgG1) against Ab42. The levels of Ab42 in brain decreased by 41%, and the level of plasma increased by 43% in the vaccinated mice compared with the control mice. Similar to the Qu et al. (78) study, several other studies using AD transgenic mice (79) and non-human primate monkeys (80, 81) found decreased levels of Ab and ameliorated cognitive deficits in animals vaccinated with Ab42. However, the long-term consequences of these Ab immunizations are still unclear in clinical trials in which AD patients were vaccinated with Ab. Findings from immunization human clinical trials using Ab antibodies have not given positive results thus far other than decreasing Ab deposits. Several laboratories using AD transgenic mice and non-human primates are currently studying the biochemistry of Ab and the specificity of Ab42 antibodies to decrease Ab production.
We propose that anti-GM-CSF antibody may play a key role in decreasing the production of Ab1-42 and the increasing of Ab1-40 levels via blocking the g-secretase activity at the epsilon site (Ab42-43 position). This notion needs further investigation of anti-GM-CSF antibody in a large number of Tg2576 mice and also in other AD transgenic mice lines that overexpress human mutant APP in mice. In support of GM-CSF involvement in altering Ab production, Volmar et al. (71) investigated human embryonic kidney cells expressing mutant APP and CD40. They found increased levels of Ab in kidney cells overexpressing both APP and CD40. The GM-CSF antibodies reduce the CD40 ligand-induced production of Ab in kidney cells expressing APPsw and CD40. Treatment of these cells with recombinant GM-CSF increased Ab levels, indicating that GM-CSF antibody may affect Ab production. However, our study is a step forward in determining the effects of GM-CSF in Ab production in AD pathogenesis, finding that Ab1-42 is decreased in Tg2576 mice injected with the anti-GM-CSF antibody and that the anti-GM-CSF antibody can suppress microglial activity and decrease toxic Ab1-42.
CONCLUSIONS
The mechanistic link between microglial activation and mutant APP/Ab in AD progression is not completely understood. We found increased levels of soluble Ab1-40 (23%, P , 0.44) and insoluble Ab1-40 (27%, P , 0.18) in Tg2576 mice injected with anti-GM-CSF antibody compared with Tg2576 mice injected with PBS (control). However, these increased levels are not statistically significant may be because of small sample size (n ¼ 5 in each group).
Interestingly, we also found decreased levels of soluble Ab1-42 (46%, P , 0.28) in Tg2576 mice injected with anti-GM-CSF antibody compared with Tg2576 mice injected with PBS (control). However, these increased levels are not statistically significant.
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Human Molecular Genetics, 2009, Vol. 18, No. 20 Further, the role of GM-CSF in activating pro-inflammatory cytokines in AD pathogenesis is still unclear. In the present study, we aimed to understand the connection between GM-CSF and microglial activity in AD progression. We investigated whether the anti-GM-CSF antibody can suppress microglial activity and decrease Ab production in Tg2576 mice. We introduced the mouse GM-CSF antibody or PBS vehicle into the brains of 10-month-old male Tg2576 mice using ICV injections. We assessed the effect of several GM-CSF-associated pro-inflammatory cytokines on microglial activities and their association with Ab using quantitative real-time RT -PCR, immunoblotting, immunohistochemistry and immunofluorescence analyses in anti-GM-CSF antibody-injected Tg2576 mice and PBS vehicle-injected control Tg2576 mice. Using sandwich ELISA technique, we measured intraneuronal Ab in Tg2576 mice injected with GM-CSF antibody and PBS vehicle-injected control Tg2576 mice. Using double-labeling immunofluorescence analysis of intraneuronal Ab, Ab deposits and markers of microglia, and astrocytes, we assessed the relationship between intraneuronal Ab and microglial markers, and Ab deposits and pro-inflammatory cytokines in the Tg2576 mice injected with PBS vehicle and also in the anti-GM-CSF antibody-injected Tg2576 mice. Our real-time RT-PCR analysis showed an increase in the mRNA expression of IL6, CD11c, IL1b, CD40 and CD11b in the cerebral cortices of the Tg2576 mice compared with their littermate non-transgenic controls. Immunohistochemistry findings of pro-inflammatory cytokines agreed with our real-time RT-PCR results. Interestingly, we found significantly decreased levels of activated microglia marked by CD11C, IL6 and CD40, and Ab deposits in anti-GM-CSF antibody-injected Tg2576 mice compared with PBS vehicle-injected Tg2576 mice (negative controls). Findings from our real-time RT-PCR and immunoblotting analysis agreed with the immunohistochemistry observations. Our double-labeling analyses of intraneuronal Ab and CD40 revealed that intraneuronal Ab is associated with neuronal expression of CD40 in Tg2576 mice. Our quantitative sandwich ELISA analysis revealed that decreased levels of soluble Ab1-42 and increased levels of Ab1-40 in Tg2576 mice injected with the anti-GM-CSF antibody compared with Tg2576 mice injected with PBS vehicle, suggesting that anti-GM-CSF antibody decreases soluble Ab1-42 production and suppresses microglial activity in Tg2576 mice. These findings indicating the ability of the anti-GM-CSF antibody to reduce Ab1-42 and microglial activity in Tg2576 mice may have therapeutic implications for AD.
MATERIALS AND METHODS

Tg2576 mice
The Tg2576 mouse model was generated with the mutant human APP gene 695 amino acid isoform and with a double mutation (Lys 670 Asn and Met 671 Leu) (82) . This highly expressed human APP transgenic mice model exhibits an age-dependent appearance of Ab plaques as well as a distribution of the Ab plaque that is confined to the cerebral cortex and the hippocampus, sparing the striatum, the deep gray nuclei, and the brain stem. A correlation has been found between elevated amounts of soluble Ab and increased free-radical production (10) . This Tg2576 mouse model also parallels AD in that the Ab plaques evoke a microglial reaction in their immediate vicinity.
Ten-month-old Tg2576 male mice (25 -40 g) and agematched, non-transgenic male littermates ('controls'; 25-40 g) were purchased from Taconic Farms (New York, NY, USA) and housed at the animal facility of the Oregon National Primate Center at Oregon Health and Science University (OHSU). We investigated 10-month-old Tg2576 mice (n ¼ 5) and age-matched, non-transgenic littermates (n ¼ 5) for mRNA abundance using quantitative RT -PCR and assessed Ab deposits, microglia and astrocytes using immunohistochemistry. Further, using ICV injections, we injected anti-GM-CSF antibody into the brains of the Tg2576 mice (n ¼ 5) and PBS vehicle into the brains of the Tg2576 mice (n ¼ 5) as the 'negative control' and investigated mRNA abundance using quantitative RT-PCR, measured soluble and insoluble Ab1-40 and Ab1-42 using sandwich ELISA, and Ab deposits, assessed microglia and astrocytes using immunohistochemistry. The OHSU Institutional Animal Care and Use Committee approved all procedures for animal care according to the guidelines set forth by NIH.
The anti-GM-CSF antibody
The anti-GM-CSF anti-mouse antibody (MP1-22E9, R &D Systems, Minneapolis, MN, USA) was supplied by KaloBios Reagents for immunohistochemistry and immunofluorescence analyses Table 3 presents the immunochemicals, including primary and secondary antibodies and their dilutions, and other reagents used in the immunohistochemistry and immunofluorescence analyses of this study.
ICV injections
To inject the anti-GM-CSF mouse antibody, we performed survival surgeries for all mice. For the anti-GM-CSF antibody injections, the mice were anesthetized with 7% chloral hydrate (280 mg/kg) using intraperitoneal injections. The fur was shaved in the head area, and the mice were placed in a stereotactic apparatus with a mouse adaptor. A small burr hole was made in the skull overlying the lateral ventricle. Five to 7 ml of the anti-GM-CSF antibody (25 mg) or PBS vehicle was injected into the lateral ventricle through a 33 gauge injector attached to a 10 ml Hamilton syringe (Hamilton Co., Reno, NV, USA). Injections were given over the span of 5 min, after which the cannula was left in place for an additional 5 min to allow for diffusion. After the injection, the skin was closed with sutures or wound clips, and the wounds were treated with xylocaine and iodine. Mice were kept warm and carefully monitored during recovery from anesthesia, and 
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Human Molecular Genetics, 2009, Vol. 18, No. 20 then placed in individual cages. Five days after the ICV injections, the mice were re-anesthetized and sacrificed by cervical dislocation since maximum immunoreactivity of microglial markers was reported at 4-5 days after GM-CSF induction (83) . The brains were collected from all mice and the cerebral cortex (from the front brain) and cerebellum were dissected from the brains separately. The soluble and insoluble Ab levels were measured from cerebral cortex tissues. The midbrains (containing hippocampus, cerebral cortex and striatum) were dissected and flash-frozen. Sections with 10 mm-thickness were cut from the midbrain and used for immunohistochemistry of cytokines and Ab deposits.
Quantification of mRNA expression of markers of microglia, astrocytes and neurons using real-time RT -PCR Total RNA was isolated from dissected cerebral cortex tissues from each group of experimental and control group mice using the TriZol reagent (Invitrogen). As shown in Table 2 , mRNA expression of several cytokines, GFAP and neuronal markers was measured using SYBR-Green chemistry-based quantitative real-time RT -PCR, as described by Manczak et al. (84) . Briefly, 1 mg of DNAse-treated total RNA was used as starting material, to which were added 1 ml of oligo (dT), 1 ml of 10 mM dNTPs, 4 ml of 5Â first-strand buffer, 4 ml of 25 mM MgCl 2 , 2 ml of 0.1 M DTT and 1 ml of RNAse out. The reagents RNA, oligo (dT) and dNTPs were mixed first, heated at 658C for 5 min and then chilled on ice until other components were added. The samples were incubated at 428C for 2 min. Then 1 ml of Superscript II (40 U/ml) (Invitrogen) was added, and the samples were incubated at 428C for 50 min. The reaction was inactivated by heating the contents at 708C for 15 min. Real-time quantitative PCR amplification reactions were carried out in an ABI Prism 7900 sequence detection system (Applied Biosystems) in a 25 ml volume of total reaction mixture. The reaction mixture consisted of 1Â PCR buffer containing SYBR-Green; 3 mM MgCl 2 ; 100 nM of each primer; 200 nM each of dATP, dGTP and dCTP; 400 nM of To determine the unregulated endogenous reference gene in AD mice, the C T values (cycle threshold values) of b-actin, GAPDH and NADH-subunit (mitochondrial-encoded gene) were tested. The C T value was the cycle number at which the fluorescence generated within a reaction crosses the threshold within the linear phase of the amplification profile. The C T value is an important quantitative parameter in realtime PCR analysis (84, 85) . All reactions were carried out in duplicate with a no-template control. The PCR conditions were 508C for 2 min, 958C for 10 min, followed by 40 cycles of 958C for 15 s and 608C for 1 min. The fluorescent spectra were recorded during the elongation phase of each PCR cycle. To distinguish specific amplicons from nonspecific amplifications, a dissociation curve was generated. The C T values were calculated with sequence-detection system software V1.7 (Applied Biosystems) and an automatic setting of baseline, which was the average value of PCR, cycles 3 -15, plus C T generated 10 times its standard deviation. The amplification plots and C T values were exported from the exponential phase of PCR directly into a Microsoft Excel worksheet for further analysis.
The mRNA transcript level was normalized against b-actin, GAPDH and mitochondrial-encoded complex I gene-NADH-subunit 1 at each dilution. The standard curve was the normalized mRNA transcript level plotted against the logvalue of the input cDNA concentration at each dilution. To compare b-actin, GAPDH and NADH-subunit 1 and cytokine markers, relative quantification was performed according to the CT method of ABI (84) . Briefly, the comparative C T method involved averaging duplicate samples taken as the C T values for b-actin, GAPDH and NADH-subunit 1 and cytokine markers. We used b-actin normalization in the present study because b-actin C T values are similar for PBS-injected Tg2576 mice, anti-GM-CSF-injected Tg2576 mice and the non-transgenic littermates (without the APP mutation). The DC T value was obtained by subtracting the average b-actin C T value from the average C T value of cytokine markers. The present study used the average DC T of five animals as the calibrator. The fold change was calculated according to the formula 2 2(DDC T ), where DDC T was the difference between DC T and the DC T calibrator value.
Immunoblotting analysis of microglial markers in Tg2576 mice injected with PBS-vehicle and GM-CSF antibody-injected Tg2576 mice
To determine whether GM-CSF antibody suppressed the protein levels of microglial markers that showed decreased mRNA expression in our real-time RT -PCR in Tg2576 mice injected with GM-CSF antibody, we studied immunoblotting analysis of protein lysates from Tg2576 mice injected with GM-CSF antibody and Tg2576 mice injected with PBS vehicle. Twenty micrograms of protein lysate from cerebral cortex was resolved on 12% SDS -PAGE, and the resolved proteins were transferred to nylon membranes (Novax Inc., San Diego, CA, USA) that were then incubated at room temperature with a blocking buffer (5% dry milk dissolved in a 
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TBST buffer) for 1 h. The nylon membranes were incubated overnight with the primary antibodies CD11b (1:500) (ratmonoclonal; Abcam, Cambridge, MA, USA), CD40 (1:200) (rabbit-polyclonal), IL1b (1:500) (rabbit-polyclonal), IL6 (1:500) (rabbit-polyclonal) and b-actin (1:500) (mousemonoclonal; Chemican-Millipore, Temicula, CA, USA). The membranes were washed with a TBST buffer three times at 10 min intervals and then incubated with appropriate secondary antibodies (for IL1b, donkey anti-rabbit 1:15,000; Il6, donkey-anti-rabbit 1:15,000; CD11b, goat anti-rat 1:8000; CD40, donkey anti-rabbit; b-actin, sheep-anti-mouse 1:10,000) for 2 h, followed by washing again three times with a TBST buffer. Microglial proteins were detected with chemiluminescent reagents (Pierce Biotechnology) and the bands from immunoblots were quantified on a Kodak Scanner (ID Image Analysis Software, Kodak Digital Science, Kennesaw, GA, USA). Briefly, ID image analysis was used to analyze gel images captured with a Kodak Digital Science CD40 camera. The lanes were marked to define the positions and specific regions of the bands. ID's fine band command was used to locate the bands in each lane, to scan the bands and to record the readings.
Immunohistochemistry and immunofluorescence analyses of markers of microglia
To determine microglial activity, we used immunohistochemistry and immunofluorescence analyses of several selective cytokine markers that differentially expressed Tg276 mice relative to non-transgenic littermates, and anti-GM-CSF antibody-injected Tg2576 mice relative to the PBS-injected Tg2576 mice of our real-time RT -PCR assay. Briefly, we fixed the fresh-frozen midbrain sections (covering hippocampus and cortex) from these mice by dipping into a 4% paraformaldehyde solution for 10 min at room temperature. The sections were incubated overnight at room temperature with cytokine antibodies (Table 3) according to the recommended dilutions by manufacturers. The next day, the sections were incubated with the secondary antibody conjugated with HRP or biotin-labeled secondary antibody (see Table 3 dilutions) for 1 h, and further sections were incubated with tyramide-labeled or streptoavidinconjugated fluorescent dye, Alexa 594 (red) or Alexa 488 (green) (Molecular Probes, Eugene, OR, USA). Photographs were taken using a fluorescence microscope.
To quantify the immunoreactivity of microglial markers IL1b, IL6, CD40 and CD11c, for each animal three to four sections of the midbrain covering hippocampus and cortex were stained as described earlier and quantified as follows: from immunostained sections, several photographs were taken at Â20 (the original) magnification covering 80-90% of cortex and hippocampus (amyloid-rich regions) of the brain. Positive immunoreactive fluorescence signal intensity of microglia was measured using red-green and blue (RGB) method (86) . We quantified the signal intensity of immunoreactivity for several randomly selected images for each animal and assessed statistical significance using a Student's t-test for each microglial marker between PBS vehicle-injected Tg2576 mice and Tg2576 mice injected with GM-CSF antibody.
Immunohistochemistry and immunofluorescence analyses of Ab deposits
To determine the Ab deposits in the PBS-injected Tg2576 mice and anti-GM-CSF antibody-injected Tg2576 mice, we used immunohistochemistry and immunofluorescence analyses, as described in Manczak et al. (10) . Briefly, we fixed the midbrain sections and incubated them overnight at room temperature with a mouse anti-human Ab antibody, E610 (see Table 3 for dilutions). The next day, the sections were incubated with the goat anti-mouse secondary antibody conjugated with fluorescent dye Alexa 594 (red) (Molecular Probes) for 1 h at room temperature. Photographs were taken with a fluorescence microscope.
To quantify the immunoreactivity of Ab deposits, for each animal three to four sections of the midbrain covering hippocampus and cortex were stained as described earlier and used for quantification purpose. From these sections, several photographs were taken at Â20 magnification covering 80 -90% of cortex and hippocampus (amyloid-rich regions) of the brain. Positive immunoreactive fluorescence signal intensity of Ab deposits was measured using RGB method (86) . We quantified the signal intensity of immunoreactivity for several randomly selected images for each animal and assessed statistical significance using a Student's t-test for Ab deposits between PBS vehicle-injected Tg2576 mice and Tg2576 mice injected with GM-CSF antibody.
Double-labeling analysis of intraneuronal Ab and Ab deposits and markers of microglia
To determine the precise connection between intraneuronal Ab and Ab deposits and microglia, we performed doublelabeling immunohistochemistry and immunofluorescence analyses using a mouse anti-human Ab antibody, E610, and antibodies of markers of microglia IL1b, IL6, CD11b, CD11c, CD40 and GFAP as described in Manczak et al. (10) . Briefly, we fixed the midbrain sections and incubated them overnight at room temperature with a mouse anti-human Ab antibody (see Table 3 for dilutions). The next day, the sections were incubated with the secondary antibody conjugated with the fluorescent dye Alexa 594 (red) (Molecular Probes) for 1 h at room temperature. For the second labeling, the sections were incubated overnight with primary antibodies of cytokines, IL1b, IL6, CD11b, CD11c, CD40 and GFAP (see Table 3 for dilutions). On the third day, for cytokines, the sections were incubated with biotin-labeled secondary antibody for 30 min, ABC complex for another 30 min and tyramidelabeled fluorescent dye Alexa 488 (green) for 10 min.
For GFAP, the sections were incubated with a secondary antibody conjugated with HRP for 1 h at room temperature. Finally, the slides were incubated with tyramide-labeled Alexa 488 the (green). Photographs were taken with a fluorescence microscope.
Double-labeling analysis of CD40 and neuronal marker, NeuN
To determine whether CD40 is expressed in neurons, we performed double-labeling immunohistochemistry and immunofluorescence analyses using rabbit anti-CD40 antibody and mouse anti-neuronal marker NeuN. We fixed the midbrain sections and incubated them overnight at room temperature with rabbit anti-CD40 antibody (see Table 3 for dilutions). The next day, the sections were incubated with the biotin-labeled secondary antibody for 30 min, next with ABC complex for another 30 min and finally with the tyramidelabeled fluorescent dye Alexa 594 (red) (Molecular Probes) for 10 min at room temperature. For the second labeling, the sections were incubated overnight with mouse anti-NeuN antibody (see Table 3 for dilutions). On the third day, the sections were incubated with secondary antibody conjugated with HRP for 1 h at room temperature. Finally, the slides were incubated with the tyramide-labeled fluorescent dye Alexa 488 (green). Photographs were taken with a fluorescence microscope.
Measurement of soluble and insoluble Ab levels using sandwich ELISA
To determine whether the anti-GM-CSF antibody decreases soluble and insoluble Ab levels in Tg2576 mice, we measured soluble and insoluble Ab levels in PBS-injected Tg2576 mice and anti-GM-CSF antibody-injected Tg2576 mice as described in Manczak et al. (10) . Briefly, cerebral cortex tissues were homogenized in Tris-buffered saline, pH 8.0, containing protease inhibitors (20 mg/ml pepstatin A, aprotinin, phosphsoramidon and leupeptin; 0.5 mM PMSF; 1 mM EGTA). Samples were sonicated briefly and centrifuged at 10 000g for 20 min at 48C. Using ELISA, we determined the soluble Ab fraction. To measure the insoluble Ab, we re-suspended the pellet in 70% formic acid and again centrifuged the pellet. The extract was neutralized with 0.25 M Tris, pH 8.0, containing 30% acetonitrile and 5 M NaOH before we determined the insoluble Ab using ELISA. For each sample, we measured Ab1-40 and Ab1-42 using commercial colorimetric ELISA kits (Biosource International, Camarillo, CA, USA), specific for each species. A 96-well plate washer and reader were used, according to the manufacturer's instructions. Each sample was run in duplicate. The protein concentration of the homogenates was determined by the BCA method, and Ab was expressed as picogram of Ab per milligram protein.
Statistical considerations
Statistical analyses were conducted for soluble and insoluble Ab, in both treated and untreated Tg2576 mice with anti-GM-CSF antibody using a Student's t-test. We also quantified the immunoreactivity of microglial markers IL1b, IL6, CD40 and CD11c between Tg2576 mice and Tg2576 mice injected with GM-CSF antibody. For each microglial marker, we assessed the statistical significance using a Student's t-test. The statistical significance of Ab deposits between Tg2576 mice and Tg2576 mice injected with GM-CSF antibody was assessed using a Student's t-test. study. We thank the scientists of KaloBios and Drs Geoffrey Yarranton and Varghese Palath for their constructive comments on the manuscript.
